Summary. Suspensions of Proteus vulgaris were rapidly agglutinated by serum from cystic fibrosis patients. Serum from obligate heterozygotes exhibited a mean agglutination time that was significantly less than that observed for 128 controls. The agglutinating property was observed to be transmitted through several generations and through both maternal and paternal branches of the pedigrees. Qualitative differences were noted, with CF sera inducing the formation of clumps that were two-to 10-fold larger than those observed in heterozygotes. The serum factor responsible for P. vulgaris agglutination was heat sensitive, destroyed by pronase, and neutralized by anti-human whole serum. The CF serum retained agglutinating activity following preincubation with anti-human IgG, IgA, B1E, and B1A/B,C.
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Persons heterozygous or homozygous for the cystic fibrosis (CF) gene have a serum factor which causes ciliary dyskinesia in rabbit tracheal explants (Spock et al, 1967) . Similar results have been obtained using oyster gill cilia (Bowman, Lockhart, and McCombs, 1969) , while attempts to employ fresh water mussels (Besley, Patrick, and Norman, 1969; Posselt and Bender, 1971) or chicken tracheal explants (Cherry et al, 1971) have provided mixed responses to the serum factor. Media obtained from short-term cultures of CF leucocytes have also been found to inhibit the cilia of rabbit tracheal explants. The dyskinetic effect was inhibited by addition of rabbit antiserum to human IgG (Conover et al, 1973) . The inhibitory factor has been observed to be associated with IgG during chromatographic fractionation of CF sera (Bowman, McCombs, and Lockhart, 1970; McCombs and Bowman, 1970; Schmoyer, Fischer, and Brooks, 1972 with sufficient accuracy. Although the ciliary inhibition systems appear adequate for carrier detection, they have geographical or temporal limitations or would be difficult to employ on a mass screening basis. We report an assay using a bacterial system that has proved effective in detecting both CF patients and carriers and which could be adapted to screening programmes.
Materials and methods
Venous blood samples were obtained from 18 cystic fibrosis patients attending a local clinic, 30 obligate heterozygotes, 107 hospitalized patients without cystic fibrosis, and 21 university students in good health. The specimens were allowed to clot, and the serum was aspirated following centrifugation at 4150 g for 10 minutes. Sera were stored at 4°C and were used within 48 hours of collection.
Proteus vulgaris was maintained at 4°C on nutrient agar (Difco) until use. Before assay a loopful of P. vulgaris was transferred to 20 ml of nutrient broth (Difco) and incubated at 370 C until an active motile log phase was attained. The absorbance of the suspension at 500 nm was 0 30 to 0 40. One drop of suspension and one drop of serum were dispensed from a Pasteur pipette onto a microscope slide, covered with a cover slip, and examined for agglutination at x 400 magnification at 2-min intervals.
The effects of a variety of treatments on the agglutinating properties of CF sera were studied in parallel experiments. CF and carrier sera were preincubated at 56°C, and aliquots were withdrawn at 3-, 5-, and 10-min intervals and assayed for agglutinating activity. The effect of pronase upon the agglutination of P. vulgaris was determined by preincubation of 1 ml serum with 1 ml of pronase (Calbiochem) in 0 85% sodium chloride (2 mg/ ml) for one hour at room temperature. A control of2 mg pronase per ml 0-85% sodium chloride was employed to assess direct action of the enzyme on the flagellar bacteria. Immunological inactivation of the agglutinating factor was attempted by pretreatment of pooled CF sera with commercially prepared antisera (Behring Diagnostics) against human whole serum, IgA, IgG, B1E, or B1C/B1A fractions.
Serum: antiserum ratios in the range of 1:2 to 1:50 were tested for neutralization of the agglutinating factor.
Results
Exposure of Proteus vulgaris suspensions to cystic fibrosis sera resulted in rapid agglutination with a mean time of 3-9 ± 1 8 minutes (Table I) . patients and one of the university students overlapped the heterozygote distribution. Six of these were indistinguishable from the 'strong' heterozygote reaction and five exhibited the 'weak' heterozygote reaction.
Studies of CF families suggest that the agglutination response may have a genetic basis (Fig. 1) . In each kindred investigated, the agglutination response could be traced through two or more generations of the maternal and paternal branches of the pedigrees.
Pretreatment of CF or carrier serum with pronase inhibited the agglutination response. Preincubation of CF or carrier serum at 560 C also destroyed its agglutinating activity. When CF sera were frozen and thawed more than once, agglutinating activity was lost. Exposure of pooled CF sera to anti-IgA, anti-IgG, anti-BlE, or anti-B1C/B1A failed to alter the agglutinating response. Preadsorption of CF sera with anti-human whole serum removed its ability to clump P. vulgaris cells.
Discussion
The serum agglutinating factor observed in cystic fibrosis patients appears to be a protein. Low levels of this protein may exist in normal sera since rabbit antiserum against intact human serum blocks the agglutinating response. The serum factor does not appear to be associated with IgG, IgA, or the complement fractions since specific antisera against these fractions failed to inhibit the agglutination properties of CF sera. The dyskinetic factor described by Bowman et al (1970) could not be separated from IgG by chromatographic techniques.
Effects of cystic fibrosis sera on Proteus vulgaris motility Schmoyer et al (1972) have tentatively identified the dyskinetic factor as an immunoglobulin; however, it is possible that the precipitin band obtained with anti-IgG was due to contaminating protein. The possibility that the dyskinetic factor is a nonimmunoglobulin cannot be excluded at this time.
Heparin inhibits the ciliostatic effect of CF serum (Doggett, Harrison, and Patrick, 1973) . The antidyskinetic effect was paralleled by an increase in turbidity which could be attributed to precipitated amylase. The authors cited increased amylase levels in CF saliva and implicated this enzyme as the dyskinetic factor. Litt, Khan, and Kwart (1971) detected a second component that exists in CF saliva that causes an initial decrease in the zeta potential of mucus. Current data relevant to the effects of either amylase or the basic polypeptide on P. vulgaris motility are insufficient to provide further insight into these interesting discoveries.
The identity of the cilary dyskinetic factor and our agglutinating factor has not been demonstrated; however, this is a strong and attractive possibility.
If identity is eventually proven, the Proteus system may possibly substitute for the oyster or rabbit systems as a screening tool.
When CF, heterozygote, and control samples were coded and then assayed in a blind study, all of the CF specimens were correctly identified. None of the heterozygote or control specimens were misclassified in the CF group.
Approximately one in 12 control serum specimens agglutinated the P. vulgaris preparations. Goodman and Reed (1952) estimated the cystic fibrosis carrier frequency as 1 in 20 to 1 in 16. However, more recent studies suggest that an incomplete manifestation of cystic fibrosis may exist in the adult population which masquerades as chronic bronchitis, emphysema, peptic ulcer, or bronchiectasis (Latts, Cummins, and Zieve, 1956; Zasly, Baum, and Rumball, 1960; di Sant'Agnese and Powell, 1962 We thank Dr David Pittman for supplying the Proteus vulgaris used in this study, Mrs Donna Tipton for her cooperation in contacting the cystic fibrosis patients and their families, and Miss Joyce Yeast.
